Cisplatin, a drug for the treatment of many kinds of cancer, was investigated to be supported on titanates. Both K 2 Ti 4 O 9 and its hydrolyzed product H 2 Ti 4 O 9 ・H 2 O selectively took up its aquoion, cis [Pt(NH 3 
Introduction
Cisplatin, cis-[PtCl 2 (NH 3 ) 2 ], is a drug for the treatment of many forms of cancer, particularly testicular cancer for which the success rate approaches 100. The chloride ligands are lost from the complex, and the resulting cationic species are electrostatically attracted to DNA to hinder its replication or repair. Despite its efficacy, cisplatin has highly undesirable side-effect, in particular it causes serious damage to the kidneys before it is eventually excreted. 1) Targeting by its delivery system would be very useful to remove the sideeffect. Both functions are required on the drug delivery system for the drug to be captured a released reversibly and to be transported to the cancer.
There is a series of alkaline titanates A 2 O・nTiO 2 . They have their exchangeable alkaline ions either in their tunnel, interlayer or interchain of TiO 2 anionic framework. 2＋ , might be taken up into the exchangeable cation sites of the titanate reservoirs. Double hydroxides such as Mg-Al, Zn-Al have been studied to intercalate negatively charged drug-or biomolecule such as DNA and ATP. 9), 10) Application of carbon nanotubes has also been reported on drug delivery. 11) These inorganic materials are temporary reservoirs of drugs. They have to transport and release the captured drugs to the part where the drugs are required in human body. Magnetic vehicle for the drugs can be driven in human body by an external magnetic field. Magnetite has been applied to prepare its complexes with e-caprolactone, hydrotalcite and gold for magnetic targeting.
12)- 14) There has been no report on magnetite complex with the titanates. Layered titanate, K 2 Ti 4 O 9 , could be also prepared by firing the gel obtained though titanium alkoxide hydrolysis with potassium acetate as well as the solid state reaction between K 2 CO 3 and TiO 2 .
15)
The gel could be coated on magnetite powder surface as in the case of its hydrotalcite gel coating. 13 ), 16) The hydrotalcite was firmly bonded on the surface of magnetite particles by firing its gel coated complex at 400°C.
In the present study, both uptake and release behaviors of cisplatin aquoion were investigated on K 2 Ti 4 O 9 and its protonated form H 2 Ti 4 O 9 ・H 2 O for the usage in the drug temporary reservoir. Titanate coating was also tried on magnetite powder particles through hydrolysis of titanium alkoxide for magnetic targeting of cisplatin. 4) Cisplatin was purchased from Wako Pure Chemical Industries in 97 purity. Its aquoion uptake behavior into K 2 Ti 4 O 9 (0.45 g) and H 2 Ti 4 O 9 ・H 2 O (0.175 g) was studied for 24 h by dispersing these powders in the cisplatin aqueous solution of 7.2 ppm concentration at pH＝ 5-9 (500 ml), respectively. Residual amount of cisplatin in the aqueous solution was analyzed by dermining the platinum concentration by ICP.
Experimental
Cisplatin aquoion-titanate complexes were prepared by dispersing the titanates (0.1 g) in aqueous solution (150 ml) of 780 ppm cisplatin concentration. X-ray diffractometer (PANalytical, X'pert-MPD) with monochromatized Cu Ka radiation and X-ray photo electron spectroscopy (Shimadzu, ESCA-3200) were applied for their characterization. Extraction behavior of cisplatin aquoion from the titanate complexes was investigated by their dispersion either in 1 M HCl or in aqueous solution (100 ml) adjusted its pH ＝7.2-7.8 for 20 h. Platinum concentration was measured by using inductively coupled plasma spectroscopy (Shimadzu, ICPS-1000IV).
Titanate coating on magnetite powder was tried using its precursor sol derived from titanium n-butoxide hydrolysis. Titanium n-butoxide (1 ml) was mixed with potassium acetate (0.202 g) in 50 ml of dry ethanol and then 0.25 ml of acetic acid was added to control its hydrolysis rate. These amounts correspond to the molar ratio of acetic acid/K＝ 2 and Ti/K＝4/2 optimized according to the previous manuscript. 15) Magnetite powder of 0.3 g was dispersed in the solution and then hydrolyzed for 24 h. The dip coated magnetite powder was separated from the ethanol solution by filtration and fired at a temperature range of 600-800°C for 10 h‚ 15) Average particle size of magnetite powder was 0.1 mm in diameter. Procedure of the dipping and its successive firing was done sequentially for several times. Cisplatin uptake behavior was also studied on the titanate coated magnetite powder (0.45 g) by its dispersion in cisplatin aqueous solution (500 ml) of 7.2 ppm concentration for 24 h.
Results and discussion 3.1 Cisplatin uptake behavior into tetratitanates
Platinum concentration in cisplatin aqueous solution rapidly decreased in 1 h on K 2 Ti 4 O 9 powder dispersion as shown in Fig. 1(a) . The residual concentration became almost constant in 24 h. Its difference from the initial concentration of 7.2 ppm corresponds to the uptake amount of cisplatin in K 2 Ti 4 O 9 . The amount was the largest in pH＝5 probably because the most amount of K ＋ had been removed from K 2 Ti 4 O 9 in the lowest pH value. H 2 Ti 4 O 9 ・H 2 O showed a quite different behavior in cisplatin uptake as depicted in Fig. 1(b) . Cisplatin was gradually removed from its aqueous solutions at pH＝7 and 8. The residual concentration reached to 5 and 6 ppm in 24 h. There was practically no change of platinum concentration at pH＝5 because H 3 Interlayered surface area of tetratitanate was estimated to be as b・c/Z＝0.109 nm 2 using its lattice parameters. Cisplatin aquoion occupancy was calculated as (0.59) 2 ×(4.93× 10 -2 )/0.109＝16 of K 2 Ti 4 O 9 interlayer surface. Cisplatin aquoions are in the interlayer region in every six K 2 Ti 4 O 9 unit cells.
X-ray photoemission spectra were measured on the cisplatin-tetratitanate complexes. Platinum is present in divalent in both K 2 Ti 4 O 9 and H 2 Ti 4 O 9 ・H 2 O complexes because they showed Pt(4f 7/2 ) and Pt(4f 5/2 ) peaks at 73 eV and at 76 eV, respectively, as in the case of cisplatin itself as shown in Fig. 2(a) . The complexes showed the presence of N(1s) as the cisplatin itself but no Cl(2p 3/2 ) at all as represented in Figs. 2(b, c) . These XPS results suggest the cisplatin is present as aquoion
2＋ substituting its chloride ions with water molecules.
Released amount of the cisplatin aquoion from the titanate complexes was estimated by dispersing them in distilled water with pH＝7.2-7.8 adjusted by HCl and NaOH solution. The pH range is equivalent to the value in human body fluid. The amounts released in 24 h were 1.05×10 -2 mole for a mole of K 2 Ti 4 O 9 and 8.31×10
-3 mole for a mole of H 2 Ti 4 O 9 . They were about a quarter of the total captured cisplatin aquoion amounts in the titanates. The tetratitanates could reversibly uptake and release cisplatin aquoions as their temporary reservoir. Fig. 3 .
19)
The product(B) fired at 600°C was a mixture of K 2 TiO 3 , K 2 Ti 8 O 17 and Fe 3 O 4 . Relative amount of K 2 TiO 3 increased in a preparation used much amount of potassium acetate in a molar ratio of K/Ti＝2/1(C). Excess amount of potassium crystallized as K 2 CO 3 . The latter two were magnetic titanate complexes. The K 2 TiO 3 coated magnetite product (B) showed a cisplatin uptake behavior depicted in Fig. 4 . Most of the cisplatin in aqueous solution was removed by dispersing the complex powder in 6 h. In summary, both K 2 Ti 4 O 9 and H 2 Ti 4 O 9 ・H 2 O tetratitanates selectively uptake cisplatin aquoions even in its diluted solution by their cation exchange. A quarter of the captured cisplatin aquoions is released from its titanate complexes in an aqueous solution at pH＝7.2-7.8. Magnetite powder could be coated with titanate mainly K 2 TiO 3 through sol-gel method for the uptake of cisplatin aquoions. Larger amount of exchangeable cation is expected for K 2 TiO 3 than for K 2 Ti 4 O 9 . The present K 2 TiO 3 coated magnetite powder will be useful for the magnetic delivery of anticancer drug, cisplatin, in human body as well as magnetic separation of harmful cation such as Pb 2＋ , Cd 2＋ , UO 2＋ 2 and so on.
